Neuroblastoma is the most common pediatric extracranial solid tumour in the world. miRNAs are a group of endogenous small non-coding RNAs that act on target genes to serve critical roles in many biological processes. Presently, the expression and role of miR-3934-5p in neuroblastoma remains unclear. Therefore, the aim of the present study was to investigate the expression of miR-3934-5p in neuroblastoma tissues and cell lines and to assess the role of miR-3934-5p in neuroblastoma. In the current study, the results revealed that miR-3934-5p was significantly upregulated in neuroblastoma tissues and cell lines. The data also identified TP53INP1 as a direct target gene of miR-3934-5p, which was negatively regulated by miR-3934-5p. The present study further demonstrated that TP53INP1 was downregulated in both neuroblastoma tissues and cell lines. Furthermore, the results of the current study indicate that miR-3934-5p downregulation may induce apoptosis and inhibit neuroblastoma cell viability. However, these effects were reversed via TP53INP1-siRNA. Data from the current study indicates that the miR-3934-5p/TP53INP1 axis may be a novel therapeutic target for neuroblastoma treatment.
Introduction
Neuroblastoma is a childhood cancer that affects ~1/7,000 children (1) . Neuroblastoma is the most common pediatric extracranial solid tumor worldwide that originates from the sympatoadrenal lineage, which resides in the neural crest (2) (3) (4) . Unique features of neuroblastoma include the early age of onset, the high frequency of metastatic disease at diagnosis and the tendency for spontaneous regression of tumours in infancy (5) . Currently, there are many methods for treating neuroblastoma including chemotherapy, radiation and autologous transplantation (6) , but these treatments are unsatisfactory. The five-year survival rate of neuroblastoma in children aged 1-14 years is 68% (7) . Given such a high mortality rate, it is necessary to find an effective treatment for neuroblastoma.
MicroRNAs (miRNAs or miRs) are small non-coding RNA molecules that are generally 19-26 nucleotides in length, which serve to regulate the expression of genes at the posttranscriptional level (8) (9) (10) . miRNAs do not encode protein and function to inhibit the expression of multiple target genes by binding to the target mRNA's 3' untranslated region (3'-UTR) (11) (12) (13) . Previous studies have indicated that miRNAs, which are encoded by various plants, animals and viruses, can regulate many diverse biological and physiological processes including organ development, apoptosis, tumorogenesis, proliferation, stress response and fat metabolism (14, 15) . A previous study has revealed that miR-3934 is highly expressed in cervical cancer (16) . It has also been reported that miR-3934 is associated with lung adenocarcinoma (17) . However, the role of miR-3934-5p in neuroblastoma remains unclear.
Tumor protein 53-induced nuclear protein 1 (TP53INP1) is a potential target gene for many miRNAs, including miR-221 (18) , miR-30a (19) and miR-205 (20) . Additionally, it has been reported that TP53INP1 is a regulator of autophagy and may interact with autophagy-associated molecules, including light chain 3 and autophagy related protein 8-family proteins, which indicates that it may not only regulate, but also promote autophagy (21, 22) . Researchers have also suggested that TP53INP1 may serve an important role in certain types of cancer, including hepatocellular carcinoma (23), breast cancer (24) and human osteosarcoma (25) .
In the present study, the expression of miR-3934-5p in neuroblastoma tissues and cell lines was investigated and
Downregulation of microRNA-3934-5p induces apoptosis and inhibits the proliferation of neuroblastoma cells by targeting TP53INP1
the underlying mechanisms of miR-3934-5p in neuroblastoma were assessed in more detail. The association between miR-3934-5p and TP53INP1 was also investigated. The results of the present study may provide promising targets for the development of novel approaches in the management of neuroblastoma. On the day prior to cell transfection, SK-N-SH cells were plated into a six-well plate at a density of 1x10 6 cells per well and cultured at 37˚C with 5% CO 2 . SK-N-SH cells were transfected with 50 nM inhibitor control [cat. no. CS8005; Biomics Biotechnologies (Nantong) Co., Ltd.], 50 nM miR-3934-5p inhibitor [cat. no. hsa-miR-3934-5p; Biomics Biotechnologies (Nantong) Co., Ltd], 2 µl control-small interfering RNA (siRNA; cat. no. sc-36869; Santa Cruz Biotechnology, Inc.), 2 µl TP53INP1-siRNA (cat. no. sc-76715; Santa Cruz Biotechnology, Inc.) or 50 nM miR-3934-5p inhibitor+2 µl TP53INP1-siRNA using Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. 48 h later, the transfection efficiency was detected using reverse transcription-quantitative (RT-q) PCR.
Materials and methods
RT-qPCR. Total RNA from tissues and cells was extracted using the TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. Total RNA concentration was then detected via Nanodrop2000 (Thermo Fisher Scientific, Inc.) and stored at -80˚C until further use. The synthesis of cDNA was performed using the RevertAid™ First Strand cDNA Synthesis kit (Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. qPCR was subsequently performed using the SYBR Premix Ex TaqTM II (TliRNaseH Plus) kit (Takara Bio, Inc.). The amplification conditions for qPCR were as follows: 10 min at 95˚C followed by 35 cycles of 15 sec at 95˚C, 40 sec at 55˚C and 72˚C for 30 sec. The primer sequences used for qPCR were as follows: TP53INP1 forward, 5'-GAC TCA CGG GCA CAG AAG TGG AAG C-3' and reverse, 5'-CCA CTG GGA AGG GCG AAA G-3'; GAPDH forward, 5'-CTT TGG TAT CGT GGA AGG ACT C-3' and reverse, 5'-GTA GAG GCA GGG ATG ATG TTC T-3'; U6 forward, 5'-CGC TTC ACG AAT TTG CGT GTC AT-3'; Bcl-2 forward, 5'-TTG GAT CAG GGA GTT GGA AG-3' and reverse, 5'-TGT CCC TAC CAA CCA GAA GG-3'; Bax forward, 5'-CGT CCA CCA AGA AGC TGA GCG-3' and reverse, 5'-CGT CCA CCA AAG CTG AGC G3-3'; Cyclin dependent kinase inhibitor 1A (p21) forward, 5'-TGA GCC GCG ACT GTG ATG-3' and reverse, 5'-GTC TCG GTG ACA AAG TCG AAG TT-3'. The relative expression of genes were calculated using the 2 -ΔΔCq method (26) following normalization with reference to the expression of GAPDH or U6. All experiments were performed in triplicate to ensure for minimum deviation.
Western blotting. Cells were washed three times with cold PBS and total cellular proteins were extracted using Radioimmunoprecipitation assay (RIPA) lysis buffer (Beyotime Institute of Biotechnology) at 4˚C for 30 min. The bicinchoninic acid protein assay kit (Beyotime Institute of Biotechnology) was used for protein quantification. Equal quantities of protein (30 µg per lane) were separated on 10% SDS-PAGE gel and transferred to PVDF membranes. The membranes were then blocked with 5% non-fat milk at room temperature for 2 h. This was then followed by incubation with primary antibodies against TP53INP1 (1:1,000; cat. no. A04229; Wuhan Boster Biological Technology, Ltd.), Bcl-2 (1:1,000; cat. no. 4223; Cell Signaling Technology, Inc.), Bax (1:1,000; cat. no. 5023; Cell Signaling Technology, Inc.), p21 (1:1,000; cat. no. 2947; Cell Signaling Technology, Inc.) or β-actin (1:1,000; cat. no. 4970; Cell Signaling Technology, Inc.) overnight at 4˚C. The membranes were then incubated with horseradish peroxidase-conjugated secondary anti-rabbit IgG antibody (1:2,000; cat. no. 7074; Cell Signaling Technology, Inc.), for 2 h at room temperature. Finally, protein bands were visualized using the Western Blotting Luminol Reagent (cat. no. sc-2048; Santa Cruz Biotechnology, Inc.) according to the manufacturer's protocol.
Cell counting kit-8 (CCK-8) assay. A CCK-8 assay was performed to measure cell viability. Logarithmic phase cells were seeded in a 96-well plate with 1x10 4 cells per well and incubated in 37˚C with 5% CO 2 for 12 h, after which 10 µl CCK-8 solution (Beyotime Institute of Biotechnology) was added to each well and cells were incubated for a further 2 h at 37˚C with 5% CO 2 . Absorbance was measured at a wavelength of 450 nm using a FLUOstar ® Omega Microplate Reader to assess cell viability (BMG Labtech GmbH).
Flow cytometry assay. Cells were collected in the logarithmic growth phase via trypsinization, washed three times with PBS and then trypsinized into single cell suspensions. Apoptotic cells were detected using the Annexin V-(FITC)/propidium iodide (PI) apoptosis detection kit [cat. no. 70-AP101-100;
Hangzhou MultiSciences (Lianke) Biotech Co., Ltd.] according to the manufacturer's instructions. Cells were stained with 5 µl Annexin V-FITC and 5 µl PI for 30 min for 15 min in darkness at room temperature. Flow cytometry was performed (BD Biosciences) according to the manufacturer's protocol to detect cell apoptosis. The apoptotic rate was determined using FlowJo software version 7.6.1 (FlowJo LLC).
Dual-luciferase reporter assay. To predict the targets of miR-3934-5p, TargetScan bioinformatics software (www. targetscan.org/vert_71) was applied. To investigate the association between miR-3934-5p and TP53INP1, the wild type (WT-TP53INP1) and mutant (MUT-TP53INP1) 3'-UTRs of TP53INP1 were cloned into a pmiR-RB-ReportTM dual luciferase reporter gene plasmid vector (Guangzhou RiboBio Co., Ltd.) as per the manufacturer's instructions. Cells seeded in 24-well plates (5x10 4 cells per well) were then co-transfected with miR-3934-5p mimics or mimic controls and the MUT or WT of TP53INP1 using the Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) for 48 h, together with the Renilla luciferase pRL-TK vector as a control. After transfection for 48 h, cells were lysed with RIPA buffer (Beyotime Institute of Biotechnology). Relative luciferase activity was detected using the dual-luciferase reporter assay system (Promega Corporation) according to the manufacturer's instructions. Luciferase activity was normalized to that of Renilla luciferase activity.
Statistical analysis. Each experiment was performed at least three times. All data was presented as the mean ± standard deviation. Significant differences multiple groups were measured using one-way ANOVA with a Tukey's post hoc test, and the Student's t-test was used to perform comparisons between two groups. P<0.05 was considered to indicate a statistically significant difference. Data analyses were performed using SPSS software version 17.0 (SPSS, Inc.).
Results
Expression of miR-3934-5p in neuroblastoma tissues and cell lines. To assess the role of miR-3934-5p in neuroblastoma, the level of miR-3934-5p in neuroblastoma and normal matched adjacent tissues were detected using RT-qPCR. The results indicated that the expression of miR-3934-5p was upregulated in neuroblastoma tissues compared with normal matched adjacent tissues (Fig. 1A) . miR-3934-5p levels in different neuroblastoma cell lines (CHLA-20, CHLA-15, SMS-KAN and SK-N-SH) and HUVECs were also measured. The current study demonstrated that the expression of miR-3934-5p was significantly upregulated in CHLA-20, CHLA-15, SMS-KAN and SK-N-SH cells in comparison with HUVEC. The highest level of miR-3934-5p was observed in SK-N-SH cells (Fig. 1B) .
TP53INP1 is a direct gene of miR-3934-5p. In order to determine the interaction between miRNAs and their target genes, TargetScan was used to predict the target gene of miR-3934-5p. The software revealed that the TP53INP1 3'UTR of mRNA contains a putative site that is partially complementary to miR-3934-5p ( Fig. 2A) . A luciferase reporter assay was performed to examine if miR-3934-5p interacts directly with the target gene TP53INP1. Compared with co-transfection of MUT-TP53INP1 and miR-3934-5p mimics, luciferase activity was significantly decreased following co-transfection with WT-TP53INP1 and miR-3934-5p mimics (Fig. 2B) . These results suggest that TP53INP1 may be a direct target gene of miR-3934-5p.
Expression of TP53INP1 in neuroblastoma tissues and cell lines. The differences in expression of TP53INP1 between neuroblastoma tissues and normal matched adjacent tissues were determined using RT-qPCR and western blotting. The data revealed that TP53INP1 was downregulated in neuroblastoma tissues compared with normal matched adjacent tissues ( Fig. 3A and B ). In addition, RT-qPCR and western blotting revealed that compared with HUVEC, TP53INP1 was significantly downregulated in neuroblastoma cell lines, including CHLA-20, CHLA-15, SMS-KAN and SK-N-SH at both mRNA and protein levels. The lowest expression was observed in SK-N-SH cells (Fig. 3C and D) . The results indicate that there is an inverse association between the expression of miR-3934-5p and TP53INP1 in neuroblastoma.
miR-3934-5p negatively regulates the expression of TP53INP1 in SK-N-SH cells. SK-N-SH cells were transfected with inhibitor controls, miR-3934-5p inhibitors, control-siRNA, TP53INP1-siRNA, or miR-3934-5p inhibitor+TP53INP1-siRNA for 48 h. RT-qPCR or western blot analysis was then performed to detect transfection efficiency. The RT-qPCR assay revealed that the miR-3934-5p inhibitor significantly reduced the expression of miR-3934-5p in SK-N-SH cells (Fig. 4A ). RT-qPCR and western blot analysis also indicated that TP53INP1-siRNA decreased the mRNA and protein expression of TP53INP1 in SK-N-SH cells ( Fig. 4B and C) . The results also indicated that the miR-3934-5p inhibitor significantly increased the mRNA and protein expression of TP53INP1. However, this effect was reversed via TP53INP1-siRNA treatment ( Fig. 4D and E) .
Effect of miR-3934-5p on viability and apoptosis of neuroblastoma cells.
To assess the role of miR-3934-5p in neuroblastoma cells, the effect of miR-3934-5p on the viability of SK-N-SH cells was assessed. The result of the CCK-8 assay indicated that compared with the control group, the miR-3934-5p inhibitor significantly decreased cell viability. This decrease was subsequently reversed by TP53INP1-siRNA treatment (Fig. 5A) . To determine the apoptotic effect of miR-3934-5p, flow cytometry was performed. Analysis revealed that transfection with the miR-3934-5p inhibitor significantly induced cell apoptosis. This apoptotic effect was then reversed via TP53INP1-siRNA treatment ( Fig. 5B and C) . Furthermore, RT-qPCR and western blot analysis revealed that the miR-3934-5p inhibitor significantly decreased Bcl-2 protein and mRNA expression, and increased Bax and p21 expression, which was then reversed via TP53INP1-siRNA ( Fig. 6A and D) .
Discussion
It has been revealed that miR-3934 may be associated with cervical and lung cancer (16, 17) . The current study demonstrated that miR-3934-5p is highly expressed in both neuroblastoma tissues and cell lines compared with adjacent normal tissues and cells. miRNAs serve important roles in many cell development processes, including cell proliferation, cell differentiation and apoptosis (27) (28) (29) (30) (31) (32) . Increasing evidence has also revealed that the aberrant expression of miRNAs may be associated with different types of cancer, in which miRNAs may act as tumor suppressors or oncogenes (33) (34) (35) (36) (37) .
TP53INP1 is a p53-inducible gene that encodes for two protein isoforms, which modulate p53 biological activities (38) . TP53INP1 over-expression induces cell cycle arrest in the G1 phase and enhances p53-mediated apoptosis (39) . Many studies have demonstrated that TP53INP1 is a target gene of many miRNAs (18) (19) (20) 25, (40) (41) (42) . To the best of our knowledge, there are no studies regarding the association between TP53INP1 and miR-3934-5p in neuroblastoma. In certain types of cancer, TP53INP1 functions as a tumor suppressor (21, 43) . Within the current study, the dual luciferase reporter assay indicated that miR-3934-5p directly targets TP53INP1 and that TP53INP1 was downregulated in neuroblastoma tissues and cell lines. These results indicated that there was an inverse association between the expression of miR-3934-5p and TP53INP1 in neuroblastoma. However, in prostate cancer, TP53INP1 has been reported to act as an oncogene and its over-expression is associated with castration-resistant prostate cancer (44) . Several miRNAs have been indicated to negatively regulate TP53INP1 expression including, miR-155 in pancreatic cancer (45) , miR-130b in hepatocellular cancer (41) , miR-125b in type 2 endometrial carcinoma cells (42) , and miR-569 in epithelial cancers (46) . In the present study, HUVECs were used as control cells. However, whether the expression of miR-3934-5p and TP53INP1 in endothelial cells can be representative of other normal cells requires further study.
To investigate the effects of miR-3934-5p and TP53INP1 on neuroblastoma cell proliferation and apoptosis, SK-N-SH cells were transfected with an inhibitor control, a miR-3934-5p inhibitor, or miR-3934-5p inhibitor+TP53INP1-siRNA for 48 h. The results of the CCK-8 assay and flow cytometry revealed that the miR-3934-5p inhibitor inhibited cell viability and induced cell apoptosis. In addition, the expression of the anti-apoptotic gene Bcl-2, the pro-apoptotic gene Bax and the apoptosis regulator p21 were also determined in the current study. The findings of the current study indicate that the miR-3934-5p inhibitor significantly decreased Bcl-2 increased Bax and increased p21 expression at both protein and mRNA levels. Furthermore, all the effects of the miR-3934-5p inhibitor on neuroblastoma cells were reversed via TP53INP1-siRNA treatment.
In summary, the data of the current study demonstrated that miR-3934-5p was downregulated in neuroblastoma tissues and cell lines. miR-3934-5p downregulation also significantly inhibited neuroblastoma cell viability and induced apoptosis by directly regulating the expression of TP53INP1. The present study has therefore provided a potential novel therapeutic target for neuroblastoma.
